Pulsed-field gel electrophoresis of genomic DNA was carried out on Escherichia coli 0157:H7 strains from different geographic locations to determine its value in an epidemiological survey of 0157 infections. Pulsed-field gel electrophoresis ofXbal-digested DNA frgments clearly separated E. coli 0157:H7 strains from nontoxigenic E. coli 0157:H19, 0157:H43, and 0157:H45 strains and from Shiga-like-toxin-producing E. coli strains of other serogroups. However, among the E. coli 0157:H7 strains, the restriction patterns either were identical or differed only by a few fragment bands. In some cases, it was therefore impossible to distinguish among epidemiologically unrelated strains. Hybridization experiments with a DNA probe complementary to Shiga-like toxin II sequences revealed that the Shiga-like toxin H genes were located on DNA fragments of different lengths. Our data show that for a single highly conserved clone, such as E. coli 0157:H7, other typing techniques may need to be performed in addition to DNA fingerprinting in epidemiological surveys.
Shiga-like toxin (SLT)-producing Escherichia coli is now well recognized as a human pathogen causing serious illness in the form of hemorrhagic colitis and hemolytic-uremic syndrome (8, 13 ). The prototype SLT producers are strains of serotype 0157:H7. The pathogenic mechanisms utilized by these pathogens in the course of infection are poorly characterized but seem to involve the production of SLTs (7) . One of these toxins, Shiga-like toxin II (SLT-II), expressed either alone or in concert with Shiga-like toxin I (SLT-I), seems to be produced by most E. coli 0157:H7 strains associated with human disease (10, 14, 15) . The epidemiology of E. coli 0157:H7 infections is poorly understood. Phenotypic and genotypic schemes have been developed to assist in epidemiological investigations. These include typing of the strains by phages and by plasmid and toxin profiles (1, 10, 14, 15) . In addition, multilocus enzyme electrophoresis has been performed (15) , and the data indicate that North American E. coli 0157:H7 strains of recent descent belong to one clone. In this study, we utilized pulsed-field gel electrophoresis (PFGE) to conduct molecular subtyping of E. coli 0157:H7 strains from different geographic locations to determine whether this technique can differentiate epidemiologically independent strains.
(The data in this paper will appear in the M.S. thesis of H. Bohm [University of Wurzburg, Germany].)
Thirty-six E. coli 0157:H7 isolates from diverse geographic locations were used in this study (Table 1 ). In addition, four isolates of serogroup 0157 that were either nonmotile or expressed the H19, H43, or H45 antigen were analyzed. These isolates were described previously (2) . We further investigated seven SLT-producing E. coli isolates belonging to serotypes O111:H-, 026:H11, 022:H8, and 055:H6; one enteroinvasive E. coli isolate; and one uropathogenic E. coli isolate. The reference strains for SLT-I * Corresponding author. and SLT-II were E. coli C600(H19J) and E. coli C600 (933W), respectively. The bacterial strains were grown overnight in double yeast-tryptone medium at 37°C with constant shaking. Genomic DNA was isolated by a modified version of the method of Grothues and Tummler (4). In brief, for PFGE, 1 ml of an overnight culture was used to inoculate an exponential culture, which was grown in double yeasttryptone medium to an optical density at 600 nm of about 1.0. Ten milliliters of this cell suspension was pelleted by centrifugation, and the pellets were washed three times with 75 mM NaCl-25 mM EDTA (pH 7.4) (SE) and resuspended in 1 ml of SE. Finally, 125 ,ul of this suspension was mixed with 875 ,ul of SE and 1 ml of 2% genetic technical grade agarose (Rotaphor grade; Biometra, Gottingen, Germany) in buffer consisting of 10 mM Tris, 10 mM MgCl2, and 0.1 mM EDTA (pH 7.5). The mixture was carefully dispensed into aluminium molds (140 by 7 by 2 mm). After 10 min at 4°C, the solidified preparations were cut into plugs of an appropriate size. Cell lysis was carried out overnight at 56°C with vigorous shaking in S ml of 50 mM Tris-50 mM EDTA-1% N-lauroylsarcosine, 2 mg of proteinase K per ml (pH 8.0). On the following day, the agarose plugs were washed with 10 mM Tris-5 mM EDTA (pH 7.5) (TE) and stored in 50 mM EDTA. Digestion of the agarose-embedded DNA was carried out with XbaI, PacI, and Sfi1 (New England Biolabs, Beverly, Mass.) and with NotI (LKB Pharmacia, Uppsala, Sweden) in accordance with the manufacturers' instructions: 10 U of XbaI at 37°C for 4 h, 10 U of NotI and 10 U of PacI at 37°C for 16 h, and 10 U of Sfil at 50°C for 16 h. The reaction was stopped by the addition of 20 pul of 0.25% (wtlvol) bromphenol blue-0.1% sodium dodecyl sulfate (wt/ vol) in TE. PFGE was performed with a Rotaphor R22 apparatus (Biometra) and 1% genetic technical grade agarose-Tris-borate buffer gels in accordance with the manufacturer's instructions. After a 26-h run at a constant voltage of 200 V, pulse times of 5 to 50 s with linear ramping, an electrical field angle of 120°C, and a temperature of 13°C, the (lanes 1 to 12) . By comparison of restriction fragment patterns, all E. coli 0157:H7 strains were characterized by common fragments of about 440 and 350 kb. In 34 strains, five identical fragments in the range of 220 to 300 kb were observed, except in strains 7279/87 and A 9167/1, which had six identical fragments (Fig.1A, lanes 1 and 7) . All strains were compared with each other, and the number of fragments not identical to those in strain EDL 933 is shown in Table 1 . No more than eight nonidentical fragments were present. In four strains, the number and size of the fragments were identical. The patterns of the chromosomal DNAs of strains identical to strain EDL 933 are shown in Fig.1A,  lanes 2, 3, 5 XbaI fragments separated by PFGE and hybridized with the probe derived from the SLT-II gene revealed specific binding to the SLT-II reference strain (Fig. 1B, lane 17) but not to the SLT-I reference strain (Fig. 1B, lane 16) . SLT-Iproducing North American E.coli 0157:H7 strain A 9123, originating from a patient with hemorrhagic colitis, did not hybridize with the probe either (Fig. 1B, lane 6) . All the other clinical isolates producing SLT-II or toxins closely related to SLT-II hybridized, but with fragments of different sizes, i.e., 60 kb (Fig. iB, lane 1) , 210 kb (Fig. 1B, lane 13) , 245 kb (Fig. iB, lane 4) , 530 kb (Fig. iB, lanes 2, 3, 5, 8, 9 , and 11), and 605 kb (Fig. iB, lane 12) . Strain A 9167-1 had two fragments of 110 and 130 kb that hybridized (Fig. iB,   lane (15) . According to our results, this clone has also spread from North America to Germany or vice versa. However, Arbeit et al. (3) recently reported that PFGE could differentiate epidemiologically independent but evolutionarily related isolates that were indistinguishable by multilocus enzyme electrophoresis and restriction polymorphisms associated with rRNA operons. On the other hand, our data show the limitations of PFGE when highly related strains are analyzed. It is difficult to unequivocally prove by PFGE that a given strain from meat or patients is responsible for the spread of an outbreak. The minor variations in restriction fragnents could be due to different sites of integration of the phages into the 0157 chromosome. In addition to DNA fingerprinting, other typing techniques should be used in epidemiological studies.
